This paper assesses improved maize adoption in Malawi and examines the link between adoption and household welfare using a three-year household panel data. The distributional effect of maize technology adoption is also investigated by looking at impacts across wealth and gender groups. We applied control function approach and IV regression to control for endogeneity of input subsidy and improved maize adoption. We found that modern maize variety adoption is positively correlated with the household's own maize consumption, income and asset holdings.
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INTRODUCTION
Half the population in sub-Saharan-Africa (SSA) lives in poverty. This rate of poverty is twice that of the global average and the highest in the world (African Development Bank [AfDB] , 2012). Three quarters of Africa's poor live in rural areas where the primary economic activity is agriculture (International Fund for Agricultural Development [IFAD] , 2011]). Evidently, the agriculture sector has not been able to ensure food security in most of the SSA countries both at the national and the household level. Although production has increased over the years, productivity has not increased as much as the area cultivated. For example, in the 50 years between 1961 and 2010, the maize area in SSA tripled. However, excluding South Africa, maize yields in SSA increased only by about 40% over this period (Shiferaw, Prasanna, Hellin, & Banziger, 2011 ).
Malawi's economy reflects this general agricultural dependence in SSA. Agriculture accounts for 80% of employment and 41% of gross domestic product (AfDB, 2011) . Most farming households depend on rain-fed production that is not sufficient to meet their consumption needs.
In 2009, for example, 64% of the households ran out of staple food before the end of the year (National Statistical Office [NSO] , 2011). The average months of food security for rural households from their own production in a normal year is between six and seven months [Ministry of Agriculture and Food Security [MoAFS], 2011) . Poverty is prevalent in the country, particularly in rural areas where the poor account for 43% of the rural population (NSO, 2011) .
Maize is the main staple food for Malawi. So much so that national food security is mainly defined in terms of access to maize (MoAFS, 2011) . However, maize is produced mainly for subsistence consumption with only 15% of production going to the market (MoAFS, 2011) . In fact, 60% of maize producers are net buyers of maize (SOAS, Wadona Consult, Overseas Development Institute, & University of Michigan, 2008) . The poor performance of the agricultural sector in Malawi, including maize production, is partly because of low yields and stagnating productivity growth. In the 25 years between 1970 and 2005, there have been only marginal increases in maize and rice productivity (MoAFS, 2011) . It has been argued that the use of improved agricultural technologies, such as high-yielding inputs, improves agricultural productivity and, thus, improves food security (Katengeza, et al., 2012; Smale, 1995) . The Government of Malawi believes that the major contributing factor to low productivity in the smallholder sector is low input use (MoAFS, 2011) . To ameliorate this, the government launched a Farm Input Subsidy Program (FISP) in 2005 explicitly targeting smallholder farmers who do not have the resources to purchase inputs. The official objectives of this large subsidy program (subsidized commodities were worth 210 Million USD in 2008/09 alone) were to increase food sufficiency and crop income (Dorward & Chirwa, 2011) . Minten and Barrett (2008) argue that agricultural technology adoption and productivity improvements have the potential to increase food security for all sections of the poor. Net food buyers benefit from the lower food prices while unskilled workers benefit from increased real wages. If output grows faster than the fall in grain price, net food sellers also benefit from farm profits. With 97% of farmers in Malawi planting maize, even smaller changes in maize productivity are likely to impact the life of many poor farm households in the country.
Using three rounds of household-level panel data (2004, 2007 and 2009) , this study aims to assess the adoption of modern maize varieties in Malawi and its impacts on the welfare of rural households in the country. We investigate the distributional effects of maize technology adoption by looking at impacts across wealth and gender groups. The paper contributes to the growing body of knowledge on the subject through panel data analysis with due consideration for observed and unobserved heterogeneity within the sample. The study applies control function approach and IV regression to control for endogeneity of input subsidy and improved maize adoption. A disaggregated analysis of poor versus better-off households and male-headed versus female-headed households enables us to test whether or not improved maize seed adoption is pro-poor or neutral in its impact. We found that the likelihood of modern maize adoption increases with education, male labor, land holding, access to subsidized inputs and access to farm credit. We found that maize variety adoption is positively correlated with the household's own maize consumption, income and asset holdings. A 1% increase in the area planted to modern varieties is associated with a 0.36% increase in the maize available for consumption, a 0.26% increase in income and a 0.07% increase in asset wealth. Improved maize adoption has more impact on female-headed households and the poorest households.
The paper is organized as follows. Section 2 briefly describes maize technology development and diffusion in Malawi. It is followed by a description of data in Section 3 and the empirical approach in Section 4. In Section 5, we present the results and discussion, and finish with concluding remarks in Section 6.
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BACKGROUND: MAIZE PRODUCTION AND PRODUCTIVITY IN MALAWI
The Malawian economy depends primarily on rain-fed agriculture, which is characterized by low productivity, low technology and high labor intensity. The low productivity has been attributed to the loss of soil fertility, low application of inorganic fertilizers and traditional, low technology, rain-fed farming systems (Chibwana, Fisher, & Shively, 2012) . Malawian agriculture is also characterized by the dominance of maize-producing farmers who own small plots of land.
Maize is the staple food crop of Malawians and its production and productivity plays a crucial role in ascertaining both household and national level food security. Maize is grown by 97% of farming households and accounts for 60% of the total calorie consumption (Famine Early Warning Systems Network [FEWSN] , 2007). Due to low productivity and small farm size, only 20% of maize farmers produce surplus and sell their product (Denning, et al., 1995) . On-farm storage losses are also high. As a result, most households purchase maize at much higher prices when stocks are exhausted, typically during January to March (Republic of Malawi, 2006) . Smallholder farmers in Malawi find it difficult to diversify their crop production, due mainly to their limited farm land size. The mono-cropping that characterized Malawian crop production for decades has led to land degradation. It has long been argued that adoption of improved (high yielding) maize varieties and improved soil fertility management -for example through the application of inorganic fertilizer -helps productivity per unit area, thereby freeing land for diversification and concomitantly improving food security (Denning, et al., 1995; Smale, 1995) .
However, the adoption of improved maize varieties in Malawi has always been slow and low (Smale, 1995; Katengeza et al., 2012) . Smallholder farmers continue to maintain preferences for local (as opposed to improved) maize, despite its lower yield potential (Denning et al., 2009), due to the perceptions that local varieties produce better quality flour, require less external inputs, and exhibit better pest resistance in storage (Lunduka, Fisher, & Snapp, 2012; Smale, 1995; Smale & Rusike, 1998) . Although improved maize varieties first became available in Malawi in the 1950s, these were mainly dent hybrids bred for high yield in foreign contexts where the commercial role of maize was far more important. In addition to good storage and processing, other qualities, such as yield stability and the capacity to either escape or withstand drought, are highly important for Malawian smallholders who operate in risky production conditions (Kassie, et al., 2011; Peters, 1995) . In the early 1990s, the national breeding attempts led to the release of varieties with qualities better-suited to the needs of smallholders in Malawi.
But most of the hybrids in Malawi now are dent varieties that don't store as well and are harder to pound than the local flint varieties.
The slow (and low) adoption of improved maize varieties and soil fertility management has persisted despite concerted efforts by Malawi's governments over the last five decades to stimulate uptake through the provision of subsidies and free agricultural extension services.
Malawi, like some other SSA countries (e.g., Kenya, Tanzania, Zambia and Zimbabwe), implemented a universal subsidy program in the 1970s and early 1980s through several interventions, including direct subsidies that reduced fertilizer prices for farmers, government financed and managed input credit programs, centralized fertilizer procurement and distribution, and the control of output markets (Denning, et al., 1995; Druilhe & Barreiro-Hurlé, 2012) .
Throughout the seventies and eighties the country was able to produce a maize surplus and agricultural productivity grew in general terms, under-girded by a pervasive reliance on input subsidies to support the adoption of hybrid maize and fertilizer (Katengeza, et al., 2012) . But in the mid-nineties the credit and subsidy programs, upon which the country had been relying, were abandoned in response to conditions imposed by the structural adjustment programs (SAP) of the World Bank and IMF (Denning, et al., 1995; Harrigan, 2003) . Liberalization had severe negative effects for smallholders in Malawi, as the purchase price of maize skyrocketed and key inputs like fertilizer became prohibitively expensive (Blackie & Mann, 2005) . Severe productivity shortfalls were forecast and, despite donor reticence, government-led interventions were Druilhe and Barreiro-Hurle (2012) , available evidence suggests that subsidies have been effective in raising fertilizer use, average yields and agricultural production, but that they could be improved in design and implementation. Economic efficiency and equity considerations have been less studied and results are less conclusive. The few published economic impact assessment studies of improved maize adoption (Alene, et al., 2009 ) and subsidy programs (Chibwana, et al., 2012; Holden & Lunduka, 2010; Kremer, Duflo, & Robinson, 2011; J Ricker-Gilbert & Jayne, 2012) showed small but positive results. The socio-economic characteristics of improved maize seed adopters and non-adopters are reported in Table 3 . Households adopting improved maize seed are headed by younger and more educated farmers, perhaps because these households are more receptive to new ideas. In addition, improved maize seed adopters own more assets and have more adult labour. This is in line with the higher financial and labor requirements of improved maize technologies. The prevalence of an imperfect factor market implies that own assets and family labor play an important role in technology adoption. On the other hand, we see higher household size for adopters, possibly indicating the subsistence pressure on the adoption decision. There are proportionately more female-headed households among non-adopters than there are in the adopter group. All the differences discussed are statistically significant at the 1% level.
( Table 3 here)
An evaluation of the change in a household's improved maize adoption in the years [2004] [2005] [2006] [2007] [2008] [2009] shows that the probability of staying an adopter and/or moving towards adoption seems higher compared to the probability of dis-adoption and non-adoption. While 66% of households who ever adopted improved maize remain adopters during the period covered by the panel, only 48%
of non-adopters remain so in the same period.
(ii) Improved maize seed adoption and welfare outcomes
Adopters of improved maize earn significantly more income from crop production than nonadopters (Table 4) .They earn about 18% more in total family or household income. Table 4 shows that non-adopters are more likely to experience chronic illness in the family, perhaps an indicator of a generally poorer nutrition and wellbeing in such households. Alternatively, this may be an indication that illness hampers a farmer's ability to adopt improved technology. The majority of households in Malawi are unable to produce enough food to meet their subsistence needs. Staple crops from households' own production last only 7-8 months, but the production of adopters lasts longer than that of non-adopters. Households' own evaluations of their welfare suggest that improved maize seed adopters may be better off. Proportionately more adopters report that they are 'satisfied with their lives'. We should not, however, read too much into this as two-thirds of the total households admitted to being dissatisfied with their lives 2 .
( Table 4 here)
One may argue that, wealthier households are more likely to adopt improved maize seed as they are less liquidity constrained to purchase improved seeds and perhaps less risk averse. The positive correlation we see between the adoption of improved maize and welfare outcomes may, thus, be attributable to the impact of wealth on both adoption and welfare, rather than the effect of adoption on welfare. If adopting improved maize seed indeed makes a difference for wellbeing, households with equal resources should experience different welfare outcomes depending on their adoption status. Therefore, we compared the poorest households to test if their welfare outcomes differ by their adoption status. As Table 5 shows, poor households who adopted improved maize varieties earn more crop and total income than equally poor households who did not adopt improved maize varieties. Moreover, poor adopter households' staple production lasts longer than the non-adopters. These differences are statistically significant.
( Table 5 here)
EMPIRICAL APPROACH
As stated in the introduction, this paper assesses: 1) improved maize seed adoption in Malawi;
and 2) its impact on household welfare. We do this in two stages. First, we estimate the model for adoption of improved maize seed. We then use the predicted improved maize adoption values to estimate its impact on short-term and long-term welfare. There are some challenges in estimating such a model particularly regarding how the unobserved heterogeneity and potential endogeneity of some of the variables are addressed. Below we discuss the estimated models and how these issues are addressed in this paper.
(a) Estimated models
Given the market failures prevalent in rural areas of developing countries, input use decisions of farmers in Malawi cannot be reasonably assumed to depend only on market prices. Absence and imperfection of factor and product markets create non-separability between production and consumption decisions. For example, the lack of access to credit causes some inputs' prices to be marked upwards by the shadow price of credit (Sadoulet & De Janvry, 1995) .
Accordingly, in addition to relevant prices, our model of improved maize adoption includes a vector of household, village and plot characteristics as determinants. Let M refer to improved maize planted:
Where P refers to a vector of input and output prices, while vectors L and D refer to labor endowment and demographic characteristics of the household, respectively. S refers to selection to the farm input subsidy program. The vector A refers to agro ecological factors such as plot characteristics and rainfall conditions, while V controls for village level covariates.
The improved maize variable is given in terms of area under improved maize varieties. As we saw in Section 3, as high as 45% of the households did not adopt improved maize seed and as such the variable has several zero values. Therefore, the improved maize seed equation is best formulated in the framework of a corner solution model. Such models recognize that the optimal choice for some of the agents is at zero (Wooldridge, 2011) . So M it (area planted by improved maize variety) is given by:
Where the latent variable refer to a linear specification of the improved maize adoption equation:
Where P it refers to a vector of input and output prices. We expect input prices to negatively influence improved maize adoption. The maize output prices are those observed before planting season. We expect that higher maize prices encourage farmers to produce more maize. For net sellers, higher maize prices increase profitability while for net buyers, higher maize prices still
have a similar positive effect because farmers try to be self-sufficient as producers when facing higher food expenditure. L it refers to the human and physical capital variables, such as family male and female members, the education of the household head and farm size. We expect all the labor variables to contribute positively to improved maize variety adoption. The implication of imperfect factor markets is that households who have more labor and more skills will face fewer constraints when adopting improved maize varieties. The vector D it includes household demographic variables such as the age and gender of the household head and the household size.
We expect that households with more educated household heads are more likely to adopt improved maize technologies, because these households may be more likely to be persuaded by the benefits of improved technology than households headed by less-educated heads. The vector A it is included in the model to account for: (1) plot characteristics that determine the suitability of improved maize seed for the farm; and (2) If we assume that , this model is referred to as a standard censored tobit model (Tobin, 1958) which can be consistently estimated using maximum likelihood methods.
We can separately estimate the probability of improved maize adoption only using the probit model on the binary adoption decision.
The indicators of household welfare outcome for the purpose of this analysis are the short-term welfare indicator own maize consumption (maize available for consumption from own production); the relatively more long-term welfare outcome measures income (household income) and asset holdings (value of household asset holdings), all measured per adult equivalent. The outcome equation is simple and relatively straight forward. We define own maize consumption (income or asset) as a function of improved maize planted (M it ), human and physical capital variables (L it ), household demographic characteristics (D it ), rainfall conditions (R it ), village level access to credit and village dummies (V it ).
(4)
(b) Estimation issues (i) Controlling for endogenous regressor
We have seen earlier that a significant number of households received subsidy in all of the survey years. The core objective of the input subsidy is to increase resource poor farmers' access to improved agricultural inputs (Dorward & Chirwa, 2011) . The subsidies were, therefore,
targeted to poor households and as such cannot be considered random. Thus, the subsidy variable S it in the above equation is possibly correlated with the error term.
We will use the control function approach to control for endogeneity of selection for subsidy.
Using more compact expression, we write the improved maize equation as follows:
The Smith-Blundell (1986) approach for controlling endogeneity in a corner solution model involves using the residuals from the reduced form regression of the endogenous variable to control for and test endogeneity in the structural equation. Below, we write the reduced form of subsidy as a linear projection of the exogenous variables, including the instruments (IV it) .
Our estimation of improved maize adoption involves two steps: 1) estimate the reduced form model for subsidy using probit and obtain the generalized residual; 2) Include the generalized residual in the structural maize equation along with the observed selection variable S it . A significance test on the coefficient of the residuals tests for endogeneity. We use bootstrapping in the second stage to adjust standard errors for the two-step procedure.
The main requirement for this procedure to work is, of course, having valid instruments. We expect subsidy to be endogenous mainly because administrators may use selection criterion that It is more robust than the control function approach which depends on the improved maize function correctly specified (Wooldridge, 2007) . The exclusion restriction in this model is satisfied by the plot characteristics variables in the improved maize equation, which are not included in the welfare outcome equation. We do not expect these variables to affect the welfare outcome equations directly after controlling for improved maize planted.
(ii) Controlling for unobserved heterogeneity
In estimating nonlinear panel models another important problem is how to handle the unobserved effect c i . The fixed effects estimator, which is the workhorse for linear models, is not easy to apply for non-linear models because of the incidental parameters problem. If we are prepared to assume that the time invariant unobserved heterogeneity c i is not correlated to any of the other covariates (strict exogeneity assumption), we can consider as a composite error and estimate the model as a random effect model. However, this assumption is very strong.
The Correlated Random Effect (CRE) model of Mundlak (1978) and Chamberlain (1982) , relaxes the strict exogeneity assumption by allowing dependence between c i and X it , although this dependence is restricted. The estimation procedure in CRE involves adding the mean of time varying variables as an extra set of explanatory variables. The inclusion of these mean variables controls for time-constant unobserved heterogeneity (Wooldridge, 2011) . Both the reduced form subsidy equation and the structural improved maize equations are estimated using the CRE estimator. For the welfare outcome equations, the unobserved effect is easily controlled for by applying the Fixed Effects model. Unlike the Random Effects model that assumes strict exogeneity of covariates, the Fixed Effects model allows correlation between the individual effects and the explanatory variables.
RESULTS (a) Improved maize seed adoption
The number of panels used in the estimation is 1,311 rather than 1,375 because of missing values for some of the regressors. The first two columns of Table 6 show the results from the probit model of improved maize seed adoption and the last two columns from the tobit model. (Table 6 here)
One of the regressors in the improved maize adoption equation is access to input subsidy which, as we argued earlier, may be endogenous. Hence, the generalized residual from the first stage subsidy equation is included along with the observed subsidy indicator to test and control for the endogeneity of subsidy. Standard errors are estimated using the bootstrap method to account for the two stage estimation in this control function procedure. The coefficient for the generalized residual is significant indicating that subsidy is endogenous and, therefore, our procedure was necessary. Households headed by older household heads are less likely to adopt improved maize seed, possibly indicating risk-aversion and a technology mistrust behavior. But, the economic and statistical significance are not strong. Education of the household head is positively correlated with both adoption decision and area planted with improved maize seed. This is in line with the expectation that educated farmers are more receptive to improved technologies and perhaps have a better capability to utilize and manage such technologies. The probability of improved maize adoption and the amount of improved maize planted increases with male labor and land holding.
Male labor has a stronger impact on the adoption decision, while land holding has a stronger impact on the amount decision. These results are as expected. Other things held the same, households who have more land can set aside larger land areas for planting improved maize. The positive and significant coefficient for labor is explained by the imperfect factor market in
Malawi and the importance of labor for improved maize cultivation. More adult labor at home relaxes the labor constraint. A parallel argument can be applied to explain the positive correlation between credit availability in the village and improved maize adoption. It indicates that the liquidity constraint is binding for input use in Malawi. As expected, a higher price for seed reduces the probability of improved maize adoption, but did not affect the amount decision.
On the other hand, an increase in the price of the complementary input fertilizer does not affect improved maize variety adoption, but it reduces the amount planted.
Although we reported results from separate probit and tobit models to show adoption decision and the intensity of adoption, respectively, a tobit model, in fact, reflects both and assumes that the direction of the effect of any explanatory variable on adoption decision is identical to the intensity of adoption. This is a limitation of the tobit model. To check for robustness of results from the tobit model on the intensity of adoption, we ran the two-tier truncated normal hurdle model (Cragg, 1971 ) which extends the standard tobit model by assuming that the adoption decision follows a probit model, while the intensity decision has a truncated normal distribution.
Adoption and intensity of adoption decisions are assumed to be independent in this model. The results from the two-tier Cragg model are similar to the results from the tobit model, except in cases where the adoption and amount decision move in opposite directions, such as for year dummy. Access to subsidy is still positively correlated with the adoption and amount decisions.
We estimated the Fixed Effect IV model, ignoring the censoring in the dependent variable.
However, most of the variables were not significant in this model, including the subsidy variable, Table 7 reports the results from the fixed effects models.
(Table 7 here)
We found that improved maize planted is positively and significantly correlated with per capita own maize consumption, per capita income and per capita asset holdings. The effect is both statistically and economically more significant for the own maize consumption and income equations. The FE estimates show that controlling for other factors, a 1% increase in improved maize area is associated with a 0.36% increase in own maize consumption, and 0.26% increase in income. This is an encouraging result given the fact that land holdings are small and sustainable intensification using modern inputs is the only option available to increase food production in Malawi. Other studies found a similar positive impact of agricultural technology adoption on household welfare. In Bangladesh, for example, the adoption of high yielding rice varieties was found to increase the income of adopters and reduce the probability of falling into poverty (Mendola, 2007) . Similarly, improved maize adoption in Mexico and Nepal was associated with improvement in farmers' well being (La Rovere, et al., 2008) . A 1% increase in improved maize area increases per capita asset holdings by 0.07%. Although small in relation to the values for income and maize consumption, the correlation between area under improved maize and asset holdings is not small in light of the general small asset holdings.
Other significant covariates are land holdings, household size, rainfall variables and year 
(c) Who benefits more from improved maize adoption
In this section, we present a disaggregated estimation of the income equation to compare maleheaded households with female-headed households, and poor with better-off households. Table 8 reports the results from separate Fixed Effects estimations of own maize consumption and income equations for male-headed and female-headed households. The figures show that improved maize variety adoption increases both own consumption and income for all households regardless of the gender of the household head. While improved maize adoption seems to be gender-neutral in its effect on the longer-term welfare-measure income, it has a stronger correlation for female-headed households in the own maize consumption equation. It seems that members in households headed by women benefit more from improved maize adoption by increasing their staple food consumption, compared to similar households headed by men. Given that we found no evidence of household-head gender difference in the improved maize adoption decision, it seems that those all households have a potential to enjoy the same benefits from adoption in the long run through higher income, although in the short run female-headed households may have better nutritional outcome. However, this analysis does not capture the intra-household gender inequalities due to data limitations. It is possible that women in maleheaded households have less access to, and control of, the income.
( Table 8 here)
Results from estimation of income disaggregated by a households' wealth status are reported in Table 9 . Wealth refers to the value of household durables and livestock owned by the household.
The 'poorer households' group refers to the bottom tercile in the wealth distribution, while the 'better-off households' group refers to the top tercile. The results indicate that improved maize adoption is positively correlated with per capita income for the poorer households, but does not have any impact for households in the top of the wealth distribution. A percentage increase in the area under improved maize is associated with an income increase of 0.3% for households in the bottom asset tercile 4 .
( Table 9 here)
The final set of regressions, reported in Table 10 , shows the income function for each region.
Improved maize adoption is positively correlated with per capita income in all regions. A first look suggests that it has the most impact in the Northern region, but further tests show that the ceofficients across the three regions are not statstically different.
( Table 10 here)
CONCLUSION
Malawi is one of the poorest countries in the world, with a rural poverty rate of 43%. Maize is the staple food crop in Malawi, grown by 97% of farming households. However, Malawi has struggled to improve agricultural productivity from its low levels to enhance food and nutritional security.
It has been argued that the adoption of agricultural technologies such as improved maize varieties increases food security, not only through higher productivity but also through the freeing up of land for agricultural diversification. Recent efforts by national breeders (both public and private) and international organizations, such as CIMMYT, have developed and supplied high-yielding varieties that are better-suited to the needs of smallholders in Malawi.
Over 30 We estimated improved variety adoption using the Correlated Random Effects models where we applied the control function approach to account for endogenous access to input subsidies. We found that the likelihood of improved maize seed adoption increases with access to subsidized inputs, the education of the household head, land holdings, male labor, and access to farm credit.
Households with older household heads are less likely to adopt improved maize. We found no evidence of difference between male-headed and female-headed households in terms of maize technology adoption. This indicates that female farmers are equally likely to use new technologies once access and asset related factors that often disadvantage women are fully accounted for.
The ex-post welfare impact of improved maize seed adoption is estimated using Fixed Effects models of household income and assets that control for endogeneity of the adoption decision. We found that a 1% increase in area under improved maize seed is associated with a 0.36% increase in own maize consumption, 0.26% increase in income and 0.07% increase in assets owned. The income of both male-headed and female-headed households increases with improved maize adoption. But female-headed households experience a higher increase in own maize consumption than male-headed households indicating that female-headed households may better utilize productivity changes in maize to improve nutritional consumption. Poorer households benefit more from improved maize adoption than households in the top of the wealth distribution in terms of income earned. A 1% increase in area under improved maize is associated with a 0.3% change in income for the poorest households, while for better-off households, it has no impact.
This shows the importance of maize for poor farmers and how changes in maize productivity affect overall income.
The positive correlation between improved maize adoption and household welfare is an encouraging result, especially in view of the finding that male-and female-headed households are equally likely to adopt improved technology. The higher elasticity for women in the own maize consumption model suggests that to increase the nutritional benefits of technology adoption by farmers we may have to look beyond productivity into how the yields are managed within a household. The results in this study taken together lend evidence to the potential of agricultural technology-led poverty alleviation when smallholders have secured access to modern inputs and markets. a-All outcome (dependent) variables are per adult equivalent and given in logarithmic terms; Significance levels: *: 10%, **: 5%, ***: 1% b-We control for possible endogeneity of improved maize adoption through a Fixed Effect estimation where the predicted improved maize area from the tobit model is used as an instrument for observed values. 
